The results in this study suggest that the FAB mainly reflects the function of the callosomarginal and precentral segments, especially the left side, and that it might be a valid frontal lobe function test.
Frontal Assessment Battery and Brain Perfusion Imaging in Early Dementia

Introduction
The frontal assessment battery (FAB) was developed to evaluate frontal lobe function easily and quickly at the bedside [1] . The FAB consists of 6 subtests that explore the different aspects of frontal lobe function. The sensitivity and validity of this assessment tool have been demonstrated in various bradykinetic rigid syndromes associated with frontal lobe dysfunction [1] [2] [3] . Comparisons of the FAB scores of patients with various types of dementia in many countries have also been reported [4] [5] [6] [7] [8] [9] [10] . Although the clinical usefulness of the FAB in dementia is well documented, the neural substrates involved remain unclear. There are no functional neuroimaging studies of brain regions related to the FAB performance of dementia patients. In the present study, we investigated the relationship between FAB score and regional cerebral blood flow (rCBF) in order to assess the neural substrates of FAB performance.
In most studies in which rCBF was evaluated by single photon emission computed tomography (SPECT) imaging, stereotaxic region of interest (ROI) analysis was used. However, the reproducibility and objectivity of the results are controversial because small ROIs were placed manually on selected slices of the SPECT images of the patient. Takeuchi et al. [11, 12] and Kobayashi et al. [13] developed a fully automated rCBF quantification software program, 3DSRT (3-dimensional stereotaxic ROI template), that allows an objective assessment of rCBF by selecting identical ROIs on anatomically standardized SPECT images. The aim of this study was to determine the areas involved in the performance of the FAB by calculating the cerebral blood flow (CBF) using 3DSRT.
Patients and Methods
Subjects Eighty-five consecutive dementia patients were recruited from the outpatient units of the Memory Clinic of Okayama University Hospital ( table 1 ) . They all (i) underwent general physical and neurological examinations and extensive laboratory testing, including thyroid function tests, serum vitamin B 12 and syphilis serology; (ii) had undergone the FAB and Mini Mental State Examination (MMSE); (iii) underwent brain SPECT with analysis by 3DSRT as well as head CT and/or head MRI; (iv) were diagnosed as having Alzheimer's disease (AD), frontotemporal dementia (FTD), dementia with Lewy bodies (DLB) or vascular dementia (VaD); (v) had a dementia severity of 0.5 (suspicious) or 1 (mild) based on the Clinical Dementia Rating (CDR) [14] , and (vi) all individuals and their nearest relatives gave informed written consent.
Fifty-one outpatients were diagnosed as having AD (13 Fourteen subjects who had no evidence of organic dementing disorders or psychiatric diseases were used as a control group (8 men, 6 women; age range, 42-80 years; mean age, 68.6 8 9.4 years). In this study, 11 subjects with a CDR score of 0.5 without overt dementia and psychiatric diseases were classified as having mild cognitive impairment (MCI, 6 men, 5 women; age range, 49-86 years; mean age, 67.9 8 12.7 years), and 7 patients with psychiatric diseases (1 man, 6 women; age range, 55-87 years; mean age, 68.7 8 10.3 years; 4 mood disorder, 2 anxiety disorder, 1 delusional disorder) were also included. All subjects included in the control, MCI or psychiatric disease groups had been referred to the Memory Clinic of Okayama University Hospital and met criteria points from i to iii. Informed written consent to participate in this study was obtained from each subject. This study protocol was approved by the institute's committee on human research.
The profile of each subject (age, sex, years of education and years of disease duration) was recorded, and the CDR score was rated by the chief clinician.
Diagnosis
All patients with AD met the criteria for probable AD formulated by the NINCDS-ADRDA [15] . AD patients with evidence of stroke, as determined either by history or imaging findings, were excluded. All patients with VaD met the criteria for probable VaD formulated by the NINDS-AIREN [16] . All VaD subjects had multiple lacunar infarcts of the basal gray matter and/or thalamus, in addition to periventricular and deep white matter lesions. FTD was diagnosed according to the international consensus criteria for FTD [17] . No patient fit the criteria for semantic dementia or progressive nonfluent aphasia. All patients with DLB met the criteria for probable DLB formulated by McKeith et al. [18] . 
The Instrument
The FAB consists of 6 items, and the score on each item ranges from 0 to 3. A lower score indicates a greater degree of executive dysfunction. The 6 subtests of the FAB explore (1) similarities (conceptualization), (2) lexical fluency (mental flexibility), (3) Luria motor sequences (programming), (4) conflicting instructions (sensitivity to interference), (5) a go-no go test (inhibitory control) and (6) prehension behavior (environmental autonomy). For this study, we used the Japanese version of the FAB described by Kugo et al. [10] . The reliability of the Japanese version of the FAB is good to excellent, and its validity is, to some extent, established [9, 10] .
Brain Perfusion SPECT Imaging All subjects were examined by brain perfusion SPECT. Patients were examined in a comfortable supine position with their eyes closed in quiet surroundings. First, the passage from the heart to the brain was monitored after intravenous administration of 99m Tc-ethylcysteinate dimer (ECD, 600 MBq; Daiichi Radioisotope Laboratories Ltd., Tokyo, Japan). Ten minutes after the angiography, SPECT images were obtained using a triplehead, rotating gamma camera interfaced to a minicomputer (GCA9300A/DI; Toshiba, Tokyo, Japan), equipped with a fan beam, low-energy, high-resolution collimator. Data acquisition of 60 projection images over a 360-degree angle in a 128 ! 128 matrix was performed. All images were reconstructed using rampfiltered backprojection and then 3-dimensionally smoothed with a Butterworth filter (order 8, cutoff 0.12 cycles/cm). The reconstructed images were corrected for gamma ray attenuation using the Chang method ( = 0.09).
For quantification of the rCBF, the Patlak plot method [19, 20] was employed on 99m Tc-ECD cerebral blood perfusion SPECT to measure mean CBF.
The 3DSRT Program
The rCBF was quantified using a fully automated rCBF quantification software program named 3DSRT [11, 12] . There are 318 ROIs in each hemisphere in 3DSRT, that is 636 ROIs in total. These 636 ROIs are categorized into 12 segments in the 3DSRT template: the callosomarginal, precentral, central, parietal, angular, temporal, posterior cerebral, pericallosal, lenticular nucleus, thalamus, hippocampal and cerebellar segments [12] . A detailed figure showing the 12 ROIs was reported previously [21] . In this study, the results are expressed as the mean 8 SD of CBF in these segments.
Statistical Analysis
Statistical analysis was performed using the SPSS 14.0J software program (SPSS Inc., Chicago, Ill., USA). The correlation of FAB scores to MMSE scores and rCBF was examined by Pearson's correlation coefficient, and the correlation of test scores to clinical characteristics was calculated by Spearman's correlation coefficient. The sex ratio between two groups was estimated by the 2 test. Comparisons of age, education, test scores and rCBF between two groups were performed by the Mann-Whitney U test.
Stepwise multiple-regression analysis was employed to analyze the contribution of rCBF, age, sex, duration of illness and years of education to the FAB score. A value of p ! 0.05 was accepted as significant.
Results
Correlation between FAB Scores and rCBF
Correlations between test scores (FAB, MMSE) and patient profiles (age, education and disease duration) were evaluated by Spearman's correlation coefficient ( table 2 ). There was only a weak negative correlation between MMSE scores and age. FAB scores had no significant correlation with age, education or disease duration.
Correlations between FAB scores and rCBF were evaluated by Pearson's correlation coefficient ( table 3 ) It is possible that the correlation between FAB scores and rCBF was due to general background factors such as cognitive decline, as assessed by MMSE, because FAB scores had a meaningful correlation with MMSE scores (r = 0.629; table 2 ). To determine whether there was a significant correlation between the FAB scores and rCBF, we removed the effect of cognitive decline as assessed by the MMSE. We estimated the partial correlation coefficient between FAB scores and rCBF, controlling for the effect of MMSE scores ( table 3 ) 
Comparison between High and Low FAB Groups
We compared the rCBF of two groups. One group consisted of 20 subjects with MMSE scores 6 18 and FAB scores ^ 9 (low FAB group; AD 14, VaD 2, FTD 4), and the other consisted of 23 subjects with MMSE scores ^ 22 and FAB scores 6 11 (high FAB group; AD 15, VaD 1, DLB 3, FTD 1, psychiatric disease 1, MCI 2). The two groups had similar MMSE scores (average score, 20.3 vs. 20.1), but significantly different FAB scores (average score, 7.3 vs. 12.8; table 5 ). Between the two groups, there was no significant difference in sex ratio, age and education.
Comparison of rCBF between high and low FAB groups ( table 6 ) revealed that the low FAB group showed significantly lower rCBF in the left callosomarginal (p = 0.014), left precentral (p = 0.013) and right callosomarginal (p = 0.019) regions.
Discussion
FAB Score and rCBF
Performance on the executive-function test was reported to be significantly correlated with regional cerebral glucose metabolism in the dorsolateral prefrontal cortex in a positron emission tomography study [22] . In the present study, FAB scores had a moderately positive correlation with left callosomarginal and precentral rCBF. After controlling for the effect of MMSE scores, a significant positive correlation was found between FAB scores and bilateral callosomarginal, bilateral precentral, left central, bilateral callosum, bilateral lentiform and left thalamus rCBF. The stepwise multiple-regression analysis showed that the predictor of the FAB score was the left precentral rCBF ( ␤ = 0.468). The high FAB group showed a higher rCBF in the bilateral callosomarginal and left precentral segments than the low FAB group. The results of this study suggest that the FAB reflects mainly the function of callosomarginal and precentral segments, especially on the left side. Certainly, the FAB is not a specific tool for evaluating frontal lobe function, but it might be a relatively valid frontal lobe function test. No functional neuroimaging study investigating brain regions in relation to the FAB performance of dementia patients has been reported, and only one study has investigated the difference in brain perfusion images between high-and low-scoring FAB groups with Parkinson's disease [3] . The authors showed that perfusion of the left inferior parietal lobule and left supramarginal gyrus in the low-scoring group was significantly decreased compared with that of the high-scoring group in Parkinson's disease. In our study, comparison between high-and lowscoring FAB groups revealed that rCBF of the bilateral callosomarginal and left precentral regions was significantly decreased.
What caused the different results? There are three major differences between the two studies. The first is the difference in the diseases. The subjects in the study of Matsui et al. [3] were all patients with Parkinson's disease, whereas subjects of this study were cognitively normal subjects and patients with MCI and various dementias. The second is the difference in the level of cognitive function. The mean MMSE scores of the subjects in the study of Matsui et al. were 27.7 in the high-scoring FAB group and 26.4 in the low-scoring FAB group. Therefore, most subjects were thought to be cognitively intact. In the present study, most subjects (85/117) were dementia patients, and the mean MMSE scores of the dementia patients were 20.7-22.9 ( table 1 ). In this study, the mean MMSE scores in the high-and low-scoring FAB groups were 20.0 and 20.3, respectively. The third is the difference in nuclides and computer software. In the former study, 123 I-iodoamphetamine was injected intravenously, and the Z value, which shows the distance from the mean, was calculated by 3-dimensional stereotactic surface projections. Thus, rCBF was not calculated. In this study, 99m Tc-ECD was used, and rCBF was calculated by the 3DSRT program.
Although we propose 3 hypotheses, we cannot conclude definitively why the results were different. Further research is needed.
Limitation of this Study
Our study has several limitations. The usefulness, validity and objectivity of 3DSRT have been reported previously [11, 12] . However, 3DSRT divides each hemisphere into 12 segments. Each segment includes relatively broad areas. For example, the callosomarginal segment includes the superior frontal, medial frontal and paracentral lobules, anterior cingulate, subcallosal, orbital and rectal gyrus [21] . The precentral segment includes the middle frontal and inferior frontal areas [21] . We found that the FAB mainly reflects the function of the callosomarginal and precentral segments, but more detailed analysis of the neural substrates for the FAB performance was not made.
The participants in this study were recruited at a university center. Thus, our results apply only to a clinicbased outpatient population. The relationship between FAB scores and rCBF in community populations requires further investigation. However, regardless of the above limitations, this is the first report of an assessment of the neural substrates of performance on the FAB. 
